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Focussed  laser  beam  optical  system. 
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•8?  The  focal  range  of  a  focussed  laser  beam  optical  sys- 
tem  is  enlarged  where  the  beam  has  a  guassian  cross- 
sectional  profile.  A  stop  20  is  arranged,  after  a  beam  ex- 
panding  system  22,  between  the  laser  12  producing  the 
beam  10,  and  a  beam  focussing  lens  system  14.  The  stop 
is  provided  with  an  aperture  of  predetermiend  diameter 
with  respect  to  that  of  the  laser  beam  10  whereby  the  out- 
er  portion  of  the  expanded  beam  10'  represented  by  the 
low  intensity  skirts  of  the  intensity  profile  curve  28  is  stop- 
ped.  This  arrangement  can  influence  the  focal  range  up  to 
a  75  per  cent  increase  over  that  obtained  with  the  unex- 
panded  and  unstopped  beam. 
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ACTORUM  AG 

T h e   focal  range  of  a  focussed  laser  beam  optical  sys- 
tem  is  enlarged  where  the  beam  has  a  guassian  cross- 
sectional  profile.  A  stop  20  is  arranged,  after  a  beam  ex- 
panding  system  22,  between  the  laser  12  producing  the 
beam  10,  and  a  beam  focussing  lens  system  14.  The  stop 
is  provided  with  an  aperture  of  predetermiend  diameter 
with  respect  to  that  of  the  laser  beam  10  whereby  the  out- 
er  portion  of  the  expanded  beam  10'  represented  by  the 
low  intensity  skirts  of  the  intensity  profile  curve  28  is  stop- 
ped.  This  arrangement  can  influence  the  focal  range  up  to 
a  75  per  cent  increase  over  that  obtained  with  the  unex- 
panded  and  unstopped  beam. 



The  i n v e n t i o n   r e l a t e s   to  o p t i c a l   systems  for  focuss ing   l a s e r   beams 

on  a  given  t a r g e t .  

Focussed  l a s e r   beams  are  used  e x t e n s i v e l y .   One  impor tan t   a p p l i c a t i o n  

is  t h a t   of  the  p o i n t - o f - s a l e   r e c o r d i n g   system  wherein  coded  l a b e l s   a r e  

scanned  with  a  focussed   l a s e r   beam.  A  problem  is  exper ienced   in  t h i s  

a p p l i c a t i o n   in  t h a t   a  r e a s o n a b l y   s ized  focussed   spot  is  r e q u i r e d   w h i l e  

the re   is  always  c o n s i d e r a b l e   u n c e r t a i n t y   as  to  the  d i s t a n c e   between  t h e  

f o c u s s i n g   lens  and  the  su r face   over  which  scanning  takes   p lace .   A n o t h e r  

impor tan t   a p p l i c a t i o n   is  found  in  a  h igh - speed ,   h i g h - r e s o l u t i o n   l a s e r  

p r i n t i n g   system  where  a  s i m i l a r   problem  a r i s e s .  

Past   a t t empt s   to  solve  t h i s   problem  have  r e s o r t e d   to  r e f i n e m e n t s   o f  

old  o p t i c a l   systems  tha t   are  expens ive ,   bulky  and  d i f f i c u l t   in  m a n u f a c t u r e  

and/or   ad jus tmen t   in  the  f i e l d .   I t   is  an  ob j ec t   of  the  p r e sen t   i n v e n t i o n  

to  provide   a  focussed   l a s e r   beam  o p t i c a l   system  having  a  r e a s o n a b l y  

s i zed ,   focussed   l i g h t   spot  which  has  an  a c c e p t a b l e   range  or  depth  o f  

f o c u s .  

This  ob j ec t   is  a t t a i n e d   in  an  o p t i c a l   system  compris ing  a  d e v i c e  

g e n e r a t i n g   a  l a s e r   beam  having  a  gauss ian   c h a r a c t e r i s t i c   c r o s s - s e c t i o n a l  

p r o f i l e   and  a  beam  focus s ing   device  by  the  i n t e r p o s i t i o n   of  an  o p t i c a l  

stop  in  the  l a s e r   beam  between  the  dev ices .   More  p a r t i c u l a r l y ,   the  s t o p  

is  a r ranged   with  an  a p e r t u r e   s topping   the  beam  i n t e r m e d i a t e   the  s k i r t   o f  

the  c h a r a c t e r i s t i c   p r o f i l e   the reby   to  extend  the  focal   range  of  the  beam 

at  the  t a r g e t .   P r e f e r a b l y ,   the  a p e r t u r e   is  dimensioned  to  t r u n c a t e   t h e  

l a s e r   beam  in  accordance   with  the  r equ i r emen t s   of  the  a p p l i c a t i o n   a t  

hand;  i t   is  p o s s i b l e   to  extend  the  foca l   range  by  up  to  75  per  cent  o v e r  

tha t   of  the  unstopped  beam  while  s u b s t a n t i a l l y   m a i n t a i n i n g   the  same 

focussed  spot size. a _  



Accord ing ly   the  i n v e n t i o n   p rov ides   a  focussed   l a s e r   beam  o p t i c a l  

system  c h a r a c t e r i s e d   by  a  s u b s t a n t i a l   depth  of  focus  and  compr is ing   t h e  

o p e r a t i v e   combinat ion   of  a  l a s e r   l i g h t   source  for  g e n e r a t i n g   a  beam  o f  

cohe ren t   l i g h t   having  a  p r e d e t e r m i n e d   c r o s s - s e c t i o n a l   shape  and  area  and 

having  a  gauss i an   i n t e n s i t y   d i s t r i b u t i o n ,   an  o p t i c a l   beam  expanding  l e n s  

system  t r a v e r s e d   by  the  beam  for  expanding  the  c r o s s - s e c t i o n a l   area  o f  

the  beam,  and  an  o p t i c a l   stop  for  r educ ing   the  c r o s s - s e c t i o n a l   area  o f  

the  emergent  beam. 

In  order   t h a t   f u l l   advantage  of  the  i n v e n t i o n   be  ob ta ined   i n  

p r a c t i c e ,   the  bes t   mode  embodiment  t h e r e o f ,   given  by  way  of  example  

only,  is  d e s c r i b e d   in  d e t a i l   h e r e i n a f t e r   with  r e f e r e n c e   to  the  accompanying  

drawing,   in  wh ich :  

FIG.  1  is  a  schemat ic   diagram  of  a  p r i o r   a r t   focussed   l a s e r   beam 

o p t i c a l   s y s t e m ;  

FIG  2  is  a  schemat ic   diagram  of  a  focussed   l a s e r   beam  o p t i c a l  

system  accord ing   to  the  i n v e n t i o n ;   and  

FIGS.  3  and  4  are  g r a p h i c a l   r e p r e s e n t a t i o n s   of  the  o p e r a t i o n   of  an  

o p t i c a l   system  acco rd ing   to  the  i n v e n t i o n .  

D e s c r i p t i o n  

A  c o n v e n t i o n a l   focussed   l a s e r   beam  o p t i c a l   system  is  shown  in  FIG.  

1.  A  l a s e r   beam  10,  emanat ing  from  a  l a s e r   12,  is  a r ranged  to  pass  a  

f o c u s s i n g   lens  system  s c h e m a t i c a l l y   r e p r e s e n t e d   here  as  a  s i ng l e   lens  14 

for  b r i n g i n g   the  beam  to  a  focus  at  a  d e s i r e d   t a r g e t   in  a  given  p l a n e  

r e p r e s e n t e d   here  by  a  l ine   16.  The  l a s e r   beam  10  has  a  gauss i an   p r o f i l e  

d i a m e t r i c a l l y   as  r e p r e s e n t e d   here  by  a  curve  18  super imposed  on  t h e  

diagram.  A  range  of  focus  of  the  system  as  d e s c r i b e d   is  r e p r e s e n t e d   by  

the  dimension  19.  



In  accordance   with  the  i n v e n t i o n ,   the  range  of  focus  of  the  sys t em 

as  shown  and  d e s c r i b e d ,   is  i n c r e a s e d   by  i n t e r p o s i n g   an  o p t i c a l   s t o p  

between  the  l a s e r   12  and  the  f ocuss ing   lens  system  14.  It  should  be  

c l e a r l y   under s tood   t ha t   the  f ocuss ing   lens  system  14  and  the  o p t i c a l  

stop  20  are  l o c a t e d   as  shown,  or  the  stop  20  and  the  lens  system  14  may 

be  exchanged.  Also  the  o p t i c a l   stop  20  a l t e r n a t i v e l y   is  l oca t ed   be tween  

component  l enses   of  a  p l u r a l   element  f ocuss ing   lens  system.  The  s t o p  

has  an  a p e r t u r e   r e l a t e d   to  the  d iameter   of  the  beam  10  and  the  p r o f i l e  

r e p r e s e n t e d   by  the  curve  18.  The  r e l a t i o n s h i p   wi l l   be  d i s cus sed   i n  

g r e a t e r   d e t a i l   h e r e i n a f t e r .   While  the  bas ic   ar rangement   is  so  r e a d i l y  

d e s c r i b e d ,   i t   wi l l   more  r e a d i l y   be  unders tood   with  r e f e r e n c e   to  FIG.  2.  

Here  an  o p t i c a l   stop  20  is  shown  in  p lace   not  only  with  r e spec t   to  t h e  

f o c u s s i n g   lens  system  14,  but  also  with  r e s p e c t   to  an  o p t i c a l   beam 

expanding  system  22  which  is  i n t e r p o s e d   between  the  l a s e r   12  and  t h e  

o p t i c a l   stop  20.  Laser  sources  are  u s u a l l y   a v a i l a b l e   in  only  a  few 

s t anda rd   beam  d i amete r s   which  are  f r e q u e n t l y   not  optimum  for  t h e  

a p p l i c a t i o n   at  hand.  The  use  of  an  o p t i c a l   beam  expanding  system  a s  

d i s c l o s e d   he re in   is  t h e r e f o r e   h e l p f u l   for  most  a p p l i c a t i o n s .   The  expanded 

l a s e r   beam  10'  has  a  gauss ian   p r o f i l e   c h a r a c t e r i s t i c   r e p r e s e n t e d   by  a  

curve  28  and  the  o p t i c a l   stop  20  is  chosen  in  accordance  with  t h i s  

c h a r a c t e r i s t i c   curve  28  as  wi l l   be  d i s c u s s e d   h e r e i n a f t e r .  

A  s u i t a b l e   beam  expander  is  t ha t   commercia l ly   o b t a i n a b l e   f rom 

S p e c t r a - P h y s i c s   i d e n t i f i e d   as  t h e i r   Model  338  Beam  Expanding  T e l e s c o p e  

a l though  any  s u i t a b l e   expander  can  be  u s e d .  

The  p r i n c i p a l   ob j ec t   is  to  main ta in   the  l a s e r   spot  size  at  or  n e a r  

the  d e s i r e d   t a r g e t   s u b s t a n t i a l l y   c o n s t a n t   over  the  e n t i r e   scan  f i e l d .  

As  mentioned  h e r e i n b e f o r e ,   i t   was  found  e m p i r i c a l l y ,   t ha t   t r u n c a t i n g   a  

l a s e r   beam  r e s u l t e d   in  a  d e s i r a b l e   i n c r e a s e   in  the  foca l   range.  I n v e s t i -  

ga t ion   with  the  aid  of  a  computer  v e r i f i e d   the  r e s u l t ,   and  a  compute r  

program  was  developed  for  o p t i m i z i n g   the  ar rangement   accord ing   to  t h e  

i n v e n t i o n .  



An  a r t i c l e   e n t i t l e d   "Measurement  and  Ana lys i s   of  the  D i s t r i b u t i o n  

of  Energy  in  Op t i ca l   Images"  p u b l i s h e d   in  the  Jou rna l   of  the  O p t i c a l  

Soc ie ty   of  America,  Vol.  48,  No.  7 ,   pages  487-490,  July   1958  d i s c u s s e s  

s o - c a l l e d   " l ine   spread  f u n c t i o n s " .   A  l ine   spread  f u n c t i o n   may  b e  

de f ined   as  the  two  d imens iona l   energy  d i s t r i b u t i o n   in  the  focussed   s p o t  

i n t e g r a t e d   in  one  d i r e c t i o n .   I t   is  t h e r e f o r e   the  curve  of  the  t r a n s -  

m i t t ed   energy  a g a i n s t   d i s t a n c e   which  is  ob t a ined   when  the  focussed   s p o t  

is  scanned  over  i . e .   ac ross   a  narrow  s l i t   s i t u a t e d   normal ly   to  t h e  

d i r e c t i o n   of  motion  of  the  spot .   Data  was  ob t a ined   on  the  l ine   s p r e a d  

f u n c t i o n   width  as  a  f u n c t i o n   of  the  degree  of  d e f o c u s s i n g   by  means  of  a  

computer.   These  data  were  used  to  p lo t   the  curves  of  l ine   spread  f u n c t i o n  

width  at  the  1/2  i n t e n s i t y   and  the  1/e2  i n t e n s i t y   l e v e l s .   For  e a c h  

degree  of  t r u n c a t i o n ,   the  c a l c u l a t i o n   was  made  for  an  a d j u s t e d   beam 

a p e r t u r e   s ize  t ha t   produces   the  same  i n - f o c u s   l ine   spread  f u n c t i o n   1 / 2  

peak  width,   as  would  be  o b t a i n e d   with  the  i n - f o c u s   u n t r u n c a t e d   beam. 

FIG.  3  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   of  a  l i n e   spread  f u n c t i o n  

width  at  1/2  peak  p o i n t s   as  a  f u n c t i o n   of  the  d i s t a n c e   from  an  i d e a l  

focus  po in t   for  a  range  of  d e f o c u s s i n g .   That  is  to  say,  FIG.  3  is  a  

p lo t   of  the  width  of  the  l ine   spread  f u n c t i o n   at  a  po in t   where  t h e  

i n t e n s i t y   is  one  ha l f   t h a t   of  the  peak  i n t e n s i t y ,   and  is  p l o t t e d   a g a i n s t  

the  degree  of  d e f o c u s i n g .   I t   is  to  be  noted  t h a t   the  width  of  the  l i n e  

spread  f u n c t i o n   grows  as  the  lens  is  defocused .   Note  a l so ,   t h a t   f o r  

moderate  amounts  of  de focus ing   (up  to  the  po in t   where  the  l i ne   s p r e a d  

f u n c t i o n   has  grown  to  about  1.8  t imes  the  spread  for  the  i n - f o c u s  

c o n d i t i o n ) ,   t h a t   the  spread  f u n c t i o n s   a s s o c i a t e d   with  the  t r u n c a t e d  

beams  do  not  grow  in  width  n e a r l y   as  r a p i d l y   as  the  u n t r u n c a t e d   beams 

( r e p r e s e n t e d   by  the  1 / e   c u r v e ) .  

Curves  31,  32,  33  and  34  r e s p e c t i v e l y   r e p r e s e n t   the  t r u n c a t i o n   o f  
8  2 the  beam  at  the  r a d i u s   where  the  beam  i n t e n s i t y   is  1/e8,   0.08,  1 / e 2 ,  

and  0.2  of  the  peak  i n t e n s i t y .   The  curve  31  for  t r u n c a t i o n   at  1/e8  i s  

e s s e n t i a l l y   i d e n t i c a l   to  t h a t   for  the  u n t r u n c a t e d   beam.  The  a b s c i s s a   o f  

t h i s   p lo t   is  also  the  number  of  wavelengths   of  d e f o c u s s i n g   of  the  u n t r u n c a t e d  

beam,  measured  at  the  1/e2  i n t e n s i t y   p o i n t s   in  the  e x i t   pup i l   of  t h e  

f o c u s s i n g   l e n s .  



FIG.  4  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   of  the  l ine   spread  f u n c t i o n  

widths  measured  at  the  1/e2  (or  13.5%  of  peak)  i n t e n s i t y   p o i n t s ,   as  a  

f u n c t i o n   of  d i s t a n c e   from  idea l   focus.   Thus,  FIG.  4  is  the  same  as  FIG. 

3  except   t h a t   the  width  of  the  l ine   spread  func t ion   at  the  po in t   where  

the  i n t e n s i t y   is  1 / e   (13.5%)  tha t   of  the  peak  is  p l o t t e d   a g a i n s t   t h e  

degree  of  d e f o c u s i n g .   Curves  41,  42,  43  and  44  cor respond  to  the  l e v e l s  

as  l i s t e d   above .  

As  can  be  seen  from  FIGS.  3  and  4,  a  c o n s i d e r a b l e   improvement  i n  

foca l   range  is  ob ta ined   by  t r u n c a t i n g   the  beam  if   the  a l lowable   s p o t  

s ize  t o l e r a n c e   in  the  scanner  or  o p t i c a l   system  is  between  zero  and 

t h i r t y   or  f o r ty   per  cent  of  the  spot  s i ze .   The  App l i can t s   a p p r e c i a t e d  

tha t   t he re   was  a  slower  growth  r a te   of  the  width  of  the  l ine   s p r e a d  

f u n c t i o n   when  a  beam  having  a  Gaussian  i n t e n s i t y   d i s t r i b u t i o n   is  expanded  

and  t h e r e a f t e r   t r u n c a t e d   at  the  f ocus s ing   lens  than  with  a  beam  i n i t i a l l y  

of  the  t r u n c a t e d   s e c t i o n .   This  slower  growth  r a t e   leads  to  t h e  

c o n s i d e r a b l e   and  unexpected   improvement  in  the  focal   range.   In  one 

p r i n t e r   where  the  spot  s ize  t o l e r a n c e   is  10  per  cent  of  the  spot  s i z e ,  

the  foca l   range  is  i n c r e a s e d   by  about  50  per  cent  by  t r u n c a t i n g   the  beam 

at  the  r ad ius   where  the  i n t e n s i t y   is  0.2  of  t ha t   of  the  peak  i n t e n s i t y .  

With  a  system  in  which  the  a l ignment   and  focuss ing   of  the  system  i s  

d i f f i c u l t   because  of  the  l i m i t e d   foca l   range,   t h i s   i n c r e a s e   in  f o c a l  

range  r e s u l t s   in  c o n s i d e r a b l y   reduced  time  r e q u i r e d   to  a l ign   and  f o c u s  

the  s y s t e m .  

While  d e c r e a s i n g   the  o p t i c a l   stop  d iameter   in  the  c o n v e n t i o n a l  

camera  lens  also  wi l l   act  to  i n c r e a s e   the  foca l   range,   the  a r r a n g e m e n t  

accord ing   to  the  i n v e n t i o n   w i l l   do  so  wi thout   s u b s t a n t i a l l y   changing  t h e  

spot  s izes   whereas  the  spot  wi l l   bloom  in  the  former  a r r a n g e m e n t .  



1.  A  focussed   l a s e r   beam  o p t i c a l   system  c h a r a c t e r i s e d   by  a  s u b s t a n t i a l  

depth  of  focus  and  compr i s ing   the  o p e r a t i v e   combina t ion   of  a  l a s e r   l i g h t  

source  for  g e n e r a t i n g   a  beam  of  coheren t   l i g h t   having  a  p r e d e t e r m i n e d  

c r o s s - s e c t i o n a l   shape  and  area  and  having  a  gaus s i an   i n t e n s i t y   d i s t r i b u t i o n ,  

an  o p t i c a l   beam  expanding  lens  system  t r a v e r s e d   by  the  beam  for  e x p a n d i n g  

the  c r o s s - s e c t i o n a l   area  of  the  beam,  and  an  o p t i c a l   stop  for  r e d u c i n g  

the  c r o s s - s e c t i o n a l   area  of  the  emergent  beam. 

2.  A  system  as  c laimed  in  claim  1,  in  which  the  o p t i c a l   stop  has  an  

a p e r t u r e   of  s u b s t a n t i a l l y   the  same  p r e d e t e r m i n e d   c r o s s - s e c t i o n a l   s h a p e  

and  area  as  the  unexpanded  beam. 

3.  A  system  as  c laimed  in  claim  1,  in  which  the  o p t i c a l   stop  has  a n  

a p e r t u r e   of  s u b s t a n t i a l l y   smal l e r   c r o s s - s e c t i o n a l   area  than  the  unexpanded  

beam. 

4.  A  system  as  c la imed  in  claim  1,  2  or  3,  in  which  the  unexpanded  

beam  is  of  c i r c u l a r   c r o s s - s e c t i o n .  

5.  A  system  as  c laimed  in  claim  4,  in  which  the  o p t i c a l   stop  i s  

a r r anged   to  c u t - o f f   l i g h t   in  the  beam  having  an  i n t e n s i t y   l e s s   than  20% 

of  the  peak  i n t e n s i t y .  

6.  A  system  as  c laimed  in  claim  5,  in  which  the  o p t i c a l   stop  i s  

a r ranged   to  c u t - o f f   l i g h t   in  the  beam having  an  i n t e n s i t y   l e s s   than  8% 

of  the  peak  i n t e n s i t y .  

7.  A  focussed   l a s e r   beam  o p t i c a l   system  p r o v i d i n g   i n c r e a s e d   f o c a l  

range,   compr i s ing   a  l a s e r   for  g e n e r a t i n g   a  beam  of  cohe ren t   l i g h t   h a v i n g  

a  given  d i ame te r   and  a  g u a s s i a n   p r o f i l e   d i a m e t r i c a l l y ,   an  o p t i c a l  

beam  expanding  lens  system  a l i g n e d   with  said  l a s e r   and  an  o p t i c a l   s t o p  



a l igned   with  said  lens  system  and  having  an  a p e r t u r e   of  s u b s t a n t i a l l y  

said  given  d iamete r   of  said  beam  of  l i g h t   whereby  the  foca l   range  i s  

s u b s t a n t i a l l y   g r e a t e r   than  for  the  o r i g i n a l   focussed   beam. 

8.  A  focussed   l a s e r   beam  o p t i c a l   system  as  claimed  in  claim  7,  m o d i f i e d  

in  t h a t   said  a p e r t u r e   has  a  d iameter   s u b s t a n t i a l l y   l ess   than  the  d i a m e t e r  

of  said  beam. 
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